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ABSTRACT

The radio communication apparatus of the present invention
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RADIO COMMUNICATION DEVICE AND
RADIO COMMUNICATION METHOD

TECHNICAL FIELD

The present invention relates to apparatuses and methods
for radio communications.

BACKGROUND ART

One of methods for eliminating interference generated
between a plurality of radio base stations when one station
1s transmitting and the other 1s receiving data 1s disclosed in
the Unexamined Japanese Patent Publication No5-308333,
etc. This example seeks to increase a communication capac-
ity by carrying out frame synchronization between a plural-
ity of base stations, synchronizing the timing of transmission
slots and reception slots between the base stations and thus
climinating interference between the base stations.

On the other hand, as an interference signal elimination
apparatus, an adaptive antenna reception apparatus disclosed
in the Unexamined Japanese Patent Publication No62-
241404, etc. 1s known. This example seeks to correctly
receive a transmission signal from a desired mobile station
by using unique words 1n a transmission signal transmitted
from the mobile station to a base station as a reference signal
to update and combine weighting coeflicients of different
antennas.

However, a conventional frame synchronization system
controls the transmission timing in such a way that the
fransmission timing of a desired mobile station and that of
an 1nterference mobile station coincide completely. Thus,
with a reception apparatus such as an adaptive antenna
reception apparatus that eliminates the transmission signal
from the interference mobile station (hereinafter referred to
as “interference wave”) using unique words transmitted
from the other mobile station, the self station receives
unique words of the desired mobile station and those of the
interference mobile station at the same timing, which gives
rise to cross talks preventing correct reception of a trans-
mission signal from the desired mobile station (hereinafter
referred to as “desired wave”).

DISCLOSURE OF INVENTION

It 1s an object of the present invention to provide a radio
communication apparatus and radio communication method
capable, even 1f a mobile station of the self station and
another mobile station of a peripheral transmission station
use 1dentical unique words, of extracting a received signal
from the mobile station of the self station.

This object 1s achieved by a radio communication appa-
ratus that carries out communications with a desired mobile
station at a second transmission timing having an oifset over
a first transmission timing calculated from at least one
transmission timing selected from a group of self station,
desired mobile station, interference station and interference
mobile station.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing a radio communication
apparatus of Embodiment 1 of the present invention;

FIG. 2 1s a block diagram showing a radio communication
apparatus of Embodiment 2 of the present mnvention;

FIG. 3 1s a block diagram showing a radio communication
apparatus of Embodiment 3 of the present invention;

FIG. 4 1s a block diagram showing a radio communication
apparatus of Embodiment 4 of the present invention;
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2

FIG. 5 1s a block diagram showing a radio communication
apparatus of Embodiment 5 of the present invention;

FIG. 6 1s a block diagram showing a part of a radio
communication apparatus of Embodiment 6 of the present
mvention;

FIG. 7 1s a timing chart showing a frame out-of-
synchronization state 1n the radio communication apparatus
of the embodiment above;

FIG. 8 1s a schematic drawing of a guard time 1n the radio
communication apparatus of the embodiment above;

FIG. 9 1s a block diagram showing part of a radio
communication apparatus of Embodiment 7 of the present
mvention;

FIG. 10 1s a timing chart showing a frame out-of-
synchronization state in the radio communication apparatus
of the embodiment above;

FIG. 11 1s a timing chart showing a frame synchronization
state 1 the radio communication apparatus of the embodi-
ment above;

FIG. 12 1s a block diagram showing a part of a radio
communication apparatus of Embodiment 8 of the present
mvention;

FIG. 13 1s a timing chart showing an interference state 1n
the radio communication apparatus of the embodiment
above;

FIG. 14 1s a timing chart showing an interference avoided
state 1n the radio communication apparatus of the embodi-
ment above;

FIG. 15 1s a drawing showing the positional relationship
between a base station and mobile station 1n a radio com-
munication apparatus of Embodiment 9 of the present inven-
tion;

FIG. 16 1s an explanatory timing chart of the radio
communication apparatus of the above embodiment;

FIG. 17 1s a timing chart of a radio communication
apparatus of Embodiment 10 of the present 1nvention;

FIG. 18 1s a timing chart of the radio communication
apparatus of the above embodiment;

FIG. 19 1s block diagram showing the radio communica-
tion apparatus of the above embodiment;

FIG. 20 15 a block diagram showing a radio communica-

tion apparatus of Embodiment 11 of the present invention;
and

FIG. 21 1s a timing information table in the radio com-
munication apparatus of the above embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

With reference now to the attached drawings, the embodi-
ments of the present invention applied to a radio transmis-
sion apparatus and radio reception apparatus are explained
in detail below.

(Embodiment 1)

Embodiment 1 detects the transmission timing of an
interference mobile station prior to communications with a
desired mobile station, determines a transmission timing
offset between the desired wave and interference wave,
determines a transmission timing of the desired mobile
station having an offset over the transmission timing of the
interference mobile station and starts transmission of the
desired mobile station at that timing.

FIG. 1 shows a block diagram showing a radio commu-
nication apparatus of Embodiment 1. This communication
apparatus mainly comprises reception antenna 1, interfer-
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ence mobile station transmission timing detection section 2,
mobile station transmission timing oifset calculation section
3, desired mobile station transmission timing calculation
section 4, desired mobile station transmission timing control
section 3, transmission timing information attachment sec-
tion 6, RF transmission section 7 and transmission antenna
8.

In the radio communication apparatus configured as
shown above, a signal of the interference mobile station 1s
received from reception antenna 1. Then, the transmission
fiming of the interference mobile station 1s detected from the
received signal. The transmission timing of the interference
mobile station 1s detected by interference mobile station
fransmission timing detection section 2.

Mobile apparatus transmission timing oifset calculation
section 3 calculates a mobile station transmission timing
oifset value so as to provide an offset between the transmis-
sion timing of the mterference mobile station and that of the
desired mobile station.

Then, desired mobile station transmission timing calcu-
lation section 4 calculates a transmission timing of the
desired mobile station from the mobile station timing offset
value and the transmission timing of the interference mobile
station. Desired mobile station transmission timing control
section 3 transfers the transmission timing calculated by
desired mobile station transmission timing calculation sec-
tion 4 to transmission timing information attachment section
6.

Transmission timing information attachment section 6
attaches desired mobile station transmission timing infor-
mation to a transmission message to be sent to the mobile
station and transfers it to RF transmission section 7. RF
fransmission section 7 sends the transmission signal from
fransmission antenna 8 to the desired mobile station.

According to this configuration, the self station detects the
transmission timing of the interference mobile station before
starting communications with the desired mobile station,
controls the transmission timing of the desired mobile
station so as to provide an offset over the transmission
fiming of the interference mobile station and then starts a
communication. This makes 1t possible to receive unique
words of the desired mobile station and unique words of the
interference mobile station at different timings and extract
the received signal from the mobile station of the self station
even 1f the mobile station of the self station and that of a
peripheral transmission station use i1dentical unique words.
This allows a reception apparatus such as an adaptive

antenna reception apparatus to eliminate interference as
well.
(Embodiment 2)

Embodiment 1 determines the transmission timing of a
desired mobile station prior to communications with a
desired mobile station. Because of this, if an interference
mobile station starts communications at the completely same
fransmission timing as that of the desired mobile station
during a communication with the desired mobile station, 1t
1s 1impossible to eliminate interference. Therefore, Embodi-
ment 2 detects the transmission timing of the interference
mobile station and that of the desired mobile station after the
self station has started communications with the desired
mobile station and controls so as to always maintain an
oifset between the transmission timing of the desired mobile
station and that of the interference mobile station.

FIG. 2 1s a block diagram showing a radio communication
apparatus of Embodiment 2 of the present mnvention. This
radio communication apparatus mainly comprises reception
antenna 1, mterference mobile station transmission timing
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4

detection section 2, desired mobile station transmission
timing detection section 9, transmission timing comparison
section 10, mobile station transmission timing offset calcu-
lation section 3, desired mobile station transmission timing
calculation section 4, desired mobile station transmission
fiming control section 35, transmission timing nformation
attachment section 6, RF transmission section 7 and trans-
mission antenna §.

In the radio communication apparatus configured as
shown above, a signal of the interference mobile station and
a signal of the desired mobile station are received from
reception antenna 1. The transmission timing of the inter-
ference mobile station i1s detected by interference mobile
station transmission timing detection section 2. Moreover,
desired mobile station transmission timing detection section
9 detects the transmission timing of the desired mobile
station.

Then, transmission timing comparison section 10 com-
pares the fransmission timing of the interference mobile
statton and that of the desired mobile station, finds a
difference and transfers this difference to mobile station
fransmission timing offset calculation section 3. Mobile
apparatus transmission timing offset calculation section 3
calculates a mobile station transmission timing offset value
so as to provide an offset between the transmission timing of
the interference mobile station and that of the desired mobile
station.

Then, desired mobile station transmission timing calcu-
lation section 4 calculates a transmission timing of the
desired mobile station from the mobile station timing offset
value and the transmission timing of the interference mobile
station. Desired mobile station transmission timing control
section 3 transfers the transmission timing calculated by the
desired mobile station transmission timing calculation sec-
fion to transmission timing information assignment section

6.

Transmission timing information attachment section 6
attaches desired mobile station transmission timing infor-
mation to a transmission message to be sent to the mobile
station and transfers it to RF transmission section 7. RF
transmission section 7 sends the transmission signal from
transmission antenna 8 to the desired mobile station.

According to this configuration, if the interference station
starts a communication at a same transmission timing as that
of the desired mobile station during another communication
with the desired mobile station, mobile station offset infor-
mation 1s sent to the desired mobile station so as to provide
an oifset between the transmission timing of the desired
mobile station and that of the interference mobile station,
that 1s, to control the transmission timing of the desired
mobile station so as to have an offset over the transmission
timing of the interference mobile station.

In this way, an offset 1s always maintained between the
transmission timing of. the interference mobile station and
that of the desired mobile station, making 1t possible to
respond to variations 1n the transmission timing of the
interference mobile station. This allows a reception appara-
tus such as an adaptive antenna reception apparatus to
climinate interference as well.

(Embodiment 3)

Embodiment 1 and Embodiment 2 have a configuration of
attaching transmission timing information of a desired
mobile station to a signal sent from the self station to the
desired mobile station 1n order to control the transmission
timing of the desired mobile station. Because of this, the
transmission signal information from the self station to the
desired mobile station 1s reduced by the amount correspond-
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ing to the transmission timing imformation of the desired
mobile station.

However, 1n a system such as a PHS system, the trans-
mission timing of a mobile station follows the transmission
fiming of a base station. In such a system, controlling the
fransmission timing of the base station will be sufficient to
control the transmission timing of the mobile station, Thus,
Embodiment 3 controls the transmission timing of the
desired mobile station using a self station transmission
fiming control section that controls the transmission timing
of the self station.

FIG. 3 1s a block diagram showing a radio communication
apparatus of Embodiment 3 of the present invention. This
communication apparatus mainly comprises reception
antenna 1, interference mobile station transmission timing
detection section 2, desired mobile station transmission
fiming detection section 9, transmission timing comparison
section 10, mobile station transmission timing offset calcu-
lation section 3, desired mobile station transmission timing
calculation section 4, desired mobile station transmission
fiming control section 5, self station transmission timing
control section 11, RF transmission section 7 and transmis-
sion antenna 8.

In the radio communication apparatus configured as
shown above, a signal of the interference mobile station and
a signal of the desired mobile station are received from
reception antenna 1. The transmission timing of the inter-
ference mobile station i1s detected by interference mobile
station transmission timing detection section 2. Moreover,
desired mobile station transmission timing detection section
9 detects the transmission timing of the desired mobile
station.

Then, transmission timing comparison section 10 com-

pares the transmission timing of the interference mobile
station and that of the desired mobile station, finds a
difference and transfers this difference to mobile station
fransmission timing of offset calculation section 3. Mobile
station transmission timing offset calculation section 3 cal-
culates a mobile station transmission timing offset value so
as to provide an offset between the transmission timing of
the mterference mobile station and that of the desired mobile
station.

Then, desired mobile station transmission timing calcu-
lation section 4 calculates a desired mobile station transmis-
sion timing from the mobile station timing offset value and
the transmission timing of the interference mobile station.
Desired mobile station transmission timing control section 5
transfers the transmission timing calculated by the desired
mobile station transmission timing calculation section to selt
station transmission timing control section 11.

Self station transmission timing control section 11 trans-
fers a transmission message to be sent to the mobile station
to RF transmission section 7 according to the transmission
timing of the desired mobile station. RF transmission section
7 sends the transmission signal from transmission antenna 8
to the desired mobile station.

By controlling the transmission timing of the self station,
this configuration allows the transmission timing of the
desired mobile station to be controlled even 1n a system 1n
which the transmission timing of a mobile station follows
the transmission timing of a base station. It also makes it
possible to control the transmission timing of the desired
mobile station without attaching information to a signal to
be sent from the self station to the desired mobile station and
control so as to maintain an oifset between the transmission
timing of the interference mobile station and that of the
desired mobile station, allowing a reception apparatus such
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as an adaptive antenna reception apparatus to eliminate
interference as well.
(Embodiment 4)

Embodiment 1 and Embodiment 3 explained about the
radio communication apparatus that detects the transmission
timing of the interference mobile station and creates a
difference between the transmission timing of the desired
mobile station and that of the interference mobile station.
However, since the interference mobile station carries out
transmission while traveling around, it 1s sometimes ditficult
to correctly extract the transmission timing of the interfer-
ence mobile station due to influences of variations in the
transmission environment, etc. Moreover, 1n a system such
as a PHS system that the transmission timing of a mobile
station follows the transmission timing of a base station, the
transmission timing of the mobile station can be calculated
from the transmission timing of the base station.

Therefore, Embodiment 4 adopts a configuration com-
prising an interference station transmission timing detection
section 1n which an interference mobile station transmission
timing detection section detects the transmission timing of a
transmission signal sent from the interference station to the
interference mobile station. The interference mobile station
transmission timing detection section calculates the trans-
mission timing of the interference mobile station from the
output of the interference station transmission timing detec-
fion section and outputs the transmission timing of the
interference mobile station to a timing comparison section.

FIG. 4 1s a block diagram showing a radio communication
apparatus of Embodiment 4 of the present mvention. This
radio communication apparatus mainly comprises reception
antenna 1, interference station transmission timing detection
section 12, desired mobile station transmission timing detec-
fion section 9, transmission timing comparison section 10,
mobile station transmission timing offset calculation section
3, desired mobile station transmission timing calculation
section 4, desired mobile station transmission timing control
section §, self station transmission timing control section 11,
RF transmission section 7 and transmission antenna 8.

In the radio communication apparatus configured as
shown above, a signal of the interference mobile station and
a signal of the desired mobile station are received from
reception antenna 1. Interference station transmission timing
detection section 12 detects the transmission timing of the
interference station. Desired mobile station transmission
timing detection section 9 detects the transmission timing of
the desired mobile station.

Then, transmission timing comparison section 10 calcu-
lates the transmission timing of the interference mobile
station from the transmission timing of the interference
station, compares the transmission timing of the interference
mobile station and that of the desired mobile station, finds a
difference and transfers this difference to mobile station
transmission timing offset calculation section 3. Mobile
station transmission timing offset calculation section 3 cal-
culates a mobile station transmission timing offset value so
as to provide an olfset between the transmission timing of
the interference mobile station and that of the desired mobile
station.

Then, desired mobile station transmission timing calcu-
lation section 4 calculates a desired mobile station transmis-
sion timing from the mobile station timing offset value and
the transmission timing of the interference mobile station.
Desired mobile station transmission timing control section §
transfers the transmission timing calculated by the desired
mobile station transmission timing calculation section to self
station transmission timing control section 11.
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Self station transmission timing control section 11 trans-
fers a transmission message to be sent to the mobile station
to RF transmission section 7 according to the transmission
timing of the desired mobile station. RF transmission section
7 sends the transmission signal from transmission antenna 8
to the desired mobile station.

This configuration makes it possible to correctly calculate
the transmission timing of the interference mobile station
from the transmission timing of the interference station even
if 1t 1s 1impossible to correctly detect the transmission timing
of the interference mobile station from the transmission
signal from the interference mobile station, and control so as
to provide an ofiset between the transmission timing of the
interference mobile station and that of the desired mobile
station, allowing, even if a plurality of transmission radio
communication apparatuses of the present invention are
used simultaneously, a reception apparatus such as an adap-
five antenna reception apparatus to eliminate 1nterference as
well.

(Embodiment 5)

Embodiment 2 and Embodiment 4 explained about the
radio communication apparatus that detects the transmission
timing of a desired mobile station and creates a difference
between the transmission timing of the desired mobile
station and that of the interference mobile station. However,
since the mterference mobile station carries out transmission
while traveling around, it 1s sometimes difficult to correctly
extract the transmission timing of the desired mobile station
due to 1nfluences of variations 1n the transmission
environment, etc. Moreover, 1 a system like a PHS system
in which the transmission timing of a mobile station follows
the transmission timing of a base station, the transmission
fiming of the mobile station can be calculated from the
fransmission timing of the base station. Therefore, Embodi-
ment 5 comprises a self station transmission timing detec-
fion section 1n which a desired mobile station transmission
timing detection section detects the transmission timing of
the self station. The desired mobile station transmission
timing detection section calculates the transmission timing
of the desired mobile station from the output of the self
station transmission timing detection section and outputs the
transmission timing of the desired mobile station to a timing
comparison section.

FIG. 5 1s a block diagram showing a radio communication
apparatus of Embodiment 5 of the present mvention. This
communication apparatus mainly comprises reception
antenna 1, mterference mobile station transmission timing
detection section 2, self station transmission timing detec-
fion section 13, transmission timing comparison section 10,
mobile station transmission timing offset calculation section
3, desired mobile station transmission timing calculation
section 4, desired mobile station transmission timing control
section J, self station transmission timing control section 11,
RF transmission 15 section 7 and transmission antenna 8.

In the radio communication apparatus configured as
shown above, a signal of the interference mobile station 1s
received from reception antenna 1. Interference mobile
station transmission timing detection section 2 detects the
fransmission timing of the interference mobile station. Self
station transmission timing detection section 13 detects the
transmission timing of the self station from RF transmission
section 7.

Transmission timing comparison section 10 detects the
fransmission timing of the desired mobile station from the
fransmission timing of the self station, compares the trans-
mission timing of the interference mobile station and that of
the desired mobile station and transfers the difference to
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mobile station transmission timing oifset calculation section
3. Mobile station transmission timing oifset calculation
section 3 calculates a mobile station transmission timing
offset value so as to provide an offset between the transmis-
sion timing of the mterference mobile station and that of the
desired mobile station.

Desired mobile station transmission timing calculation
section 4 calculates a desired mobile station transmission
timing from the mobile station timing offset value and the
transmission timing of the interference mobile station.
Desired mobile station transmission timing control section §
transfers the transmission timing calculated by the desired
mobile station transmission timing calculation section to self
station transmission timing control section 11.

Self station transmission timing control section 11 trans-
fers a transmission message to be sent to the mobile station
to RF transmission section 7 according to the transmission
timing of the desired mobile station. RF transmission section
7 sends the transmission signal from transmission antenna 8
to the desired mobile station.

This configuration makes 1t possible to correctly calculate
the transmission timing of the desired mobile station from
the transmission timing of the self station even 1f 1t 1s
impossible to correctly detect the transmission timing of the
desired mobile station from the transmission signal from the
desired mobile station. It can also control so as to provide an
offset between the transmission timing of the interference
mobile station and that of the desired mobile station, allow-
Ing a reception apparatus such as an adaptive antenna
reception apparatus to eliminate interference as well.
(Embodiment 6)

Embodiment 1 and Embodiment 5 have a configuration of
creating a difference between the transmission timing of the
desired mobile station and that of the interference mobile
station by controlling so as to provide an offset between the
transmission timing of the desired mobile station and that of
the mterference mobile station. However, 1f the difference
between the transmission timing of the desired mobile
station and that of the interference mobile station increases,
the desired mobile station may transmit outside its trans-
mission slots, preventing establishment of frame synchro-
nization.

FIG. 7 1s a timing chart of this out-of synchronization
state. In FIG. 7, the hatched area represents the base station
transmission slot outside the mobile station transmission
slot. In this case, the desired mobile station carries out
fransmission 1n a base station transmission slot, preventing
establishment of frame synchronization, which results in
interference with the base station transmission slot.

In order to eliminate such interference, in Embodiment 6,
the mobile station transmission timing oifset calculation
section calculates a transmission timing offset to avoid
transmission outside the transmission slot assigned to the
desired mobile station of the self station and controls so as
to establish frame synchronization.

A system like PHS, etc. specifies such a guard time as
shown 1n FIG. 8 before and after the time of actual data
transmission 1n the time slot assigned as the mobile station
transmission slot. The sizes of the guard times in FIG. 8 are
cach Tg sec before and after the transmission slot. Since
fransmission from the mobile station 1s not carried out inside
a guard time, controlling the transmission timing of the
desired mobile station 1n a time shorter than this guard time
can maintain frame synchronization.

FIG. 6 1s a block diagram showing a part of a radio
communication apparatus of Embodiment 6 of the present
invention. This radio communication apparatus inputs the
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output of the ftransmission timing comparison section,
mobile station transmission slot length information and
mobile station transmission slot guard time 1nformation to
transmission timing offset calculation section 3. Transmis-
sion timing offset calculation section 3 selects a value of -Tg
or greater or Tg or smaller as an offset value.

This configuration controls the transmission timing of the
desired mobile station so as to prevent transmission outside
the transmission slot assigned to the desired mobile station
of the self station, allowing the desired mobile station to
avold 1nterference caused by transmission outside the trans-
mission slot of the desired mobile station, thus maintaining
frame synchronization.

(Embodiment 7)

Embodiment 4 has a configuration 1n which interference
station transmission timing control section 12 detects the
fransmission timing of an interference station and controls
the transmission timing of the desired mobile station based
on this. However, if a plurality of base station transmission
apparatuses with the configuration of Embodiment 4 are
used simultaneously, a base station detects the transmission
fiming of another base station and determines the transmis-
sion timing of a mobile station, preventing establishment of
frame synchronization between a plurality of base stations.

FIG. 10 1s a timing chart of a frame out-of-
synchronization state. Here, the mobile station of base
station 2 1s controlled to maintain an offset corresponding to
a guard time with respect to the transmission timing of the
mobile station of base station 1. Furthermore, the mobile
station of base station 3 1s controlled to maintain an oifset
corresponding to a guard time with respect to the transmis-
sion timing of base station 2.

In the case above, the mobile station of base station 3
carries out transmission at a timing with an offset value
twice the guard time with respect to the transmission slot of
the mobile station of base station 1, and therefore the mobile
station of base station 3 1s led to carry out transmission using
the transmission slot of base station 1 as shown in the
hatched area in the figure. This leaves base station 1 and base
station 3 1n a frame out-of-synchronization state.

Thus, Embodiment 7 has a configuration controlling so
that all base stations have a same transmission timing with
respect to control channels and only communication chan-
nels have a transmission timing offset between different base
stations. Furthermore, the base stations have a configuration
of detecting only the transmission timing of control channels
when detecting the transmission timing of an interference
station. This allows, even 1if a plurality of base stations are
used, frame synchronization to be established between all
base stations.

FIG. 9 1s a block diagram showing a radio communication
apparatus of Embodiment 7 of the present mvention. This
radio communication apparatus mainly comprises reception
antenna 1, desired mobile station transmission timing detec-
tion section 9, interference station control channel transmais-
sion timing detection section 14, transmission timing com-
parison section 10, mobile station transmission timing oifset
calculation section 3, desired. mobile station transmission
fiming calculation section 4, desired mobile station trans-
mission timing control section 3, control channel transmis-
sion timing conftrol section 15, communication channel
fransmission timing control section 16, RF transmission
section 7 and transmission antenna 8.

In the radio communication apparatus configured as
shown above, a signal of the interference station control
channel and a signal of the desired mobile station are
received from reception antenna 1. Interference station con-
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trol channel transmission timing detection section 14 detects
the transmission timing of the interference station control
channel. Desired mobile station transmission timing detec-
tion section 9 detects the transmission timing of the desired
mobile station.

Transmission timing comparison section 10 calculates the
transmission timing of the interference mobile station con-
trol channel from the transmission timing of the interference
station control channel, compares the transmission timing of
the interference mobile station control channel and that of
the desired mobile station and transfers the difference to
mobile station transmission timing offset calculation section
3. Mobile station transmission timing oifset calculation
section 3 calculates a mobile station transmission timing
offset value so as to provide an offset between the transmis-
sion timing of the interference mobile station control chan-
nel and that of the desired mobile station communication
channel.

Desired mobile station transmission timing calculation
section 4 calculates the transmission timing of the desired
mobile station control channel and the transmission timing
of the desired mobile station communication channel from
the mobile station timing offset value and the transmission
timing of the interference control channel. Desired mobile
station transmission timing control section § transfers the
transmission timing of the control channel calculated by the
desired mobile station transmission timing calculation sec-
tion to control channel transmission timing control section
15 and transfers the transmission timing of the communi-
cation channel to communication channel transmission tim-
ing control section 16.

Control channel transmission timing control section 15
transfers a control message to be sent to the mobile station
to RF transmission section 7 according to the control chan-
nel transmission timing. Communication channel transmis-
sion timing control section 16 transfers a communication
message to be sent to the mobile station to RF transmission
section 7 according to the communication channel transmis-
sion timing. RF transmission section 7 sends the control
channel signal and communication channel signal from
transmission antenna 8 to the desired mobile station.

FIG. 11 shows a timing chart of a frame synchronization
state. As seen from FIG.11, under control by the present
embodiment, the transmission timing of control channels of
all base stations 1s maintained constant and only the trans-
mission timing of communication channels of mobile sta-
fiones 1s changed.

This configuration allows only the transmission timing of
communication channels of mobile stations to be changed
while maintaining the transmission timing of control chan-
nels of all base stations. Such control allows, while main-
taining frame synchronization between base stations, unique
words transmitted from mobile station s to be received by all
base stations at different fimings, making it possible to
climinate interference.

(Embodiment §)

Embodiment 1 has a configuration of providing an offset
for the transmission timing of a desired mobile station over
the transmission timing of an interference mobile station.
However, if a plurality of transmission apparatuses of the
present invention are used, the timing offset values of the
mobile stationes of the respective transmission apparatuses
may be 1dentical, resulting 1n a same transmission timing for
the desired and interference mobile stationes, generating
interference.

FIG. 13 shows a timing chart of an interference state. FIG.
13 shows a case where base station 2 and base station 3 each
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synchronize with base station 1 with a same transmission
fiming offset value. Since the same transmission timing
oifset value 1s calculated between base station 2 and base
station 3, it 1s possible to eliminate interference between
base station 1 and base station 2 and between base station 1
and base station 3. But since unique words are transmitted
at a same timing between base station 2 and base station 3,
it 1s not possible to eliminate interference between these
stations.

In order to eliminate such interference, Embodiment &8 has
a coniliguration in which a mobile station timing offset
calculation section calculates a timing which varies depend-
ing on the transmission apparatus. This allows such control
that the transmission timing varies from one mobile station
to another of every base station.

FIG. 12 1s a block diagram showing a part of a radio
communication apparatus of Embodiment 8 of the present
invention. Mobile station transmission timing oifset calcu-
lation section 3 receives a value (hereinafter referred to as
“random value”) that varies from one apparatus to another
so that 1t can calculate a mobile station transmission timing
oifset value that varies depending on the apparatus. Mobile
station transmission timing offset calculation section 3 out-
puts a mobile station transmission timing offset that varies
depending on the apparatus based on the output of the
fransmission timing comparison section and the input ran-
dom value.

FIG. 14 1s a timing chart of an interference avoided state,
that 1s, a timing chart when carrying out control according
to the present embodiment that changes a transmission
fiming offset depending on the base station.

Base station 2 and base station 3 are cach frame-
synchronized with base station 1. Since the mobile station of
base station 2 and that of base station 3 carry out transmis-
sion at mutually different timings, all mobile stationes of
base stations 1, 2 and 3 have different transmission timings.

According to this configuration, the mobile stationes of all
base stations carry out transmission with mutually different
mobile station transmission timing offset values, and even a
reception apparatus like an adaptive antenna reception appa-
ratus can ecliminate interference at all base stations.
Theretfore, even 1f a plurality of transmission radio commu-
nication apparatuses of the present invention are used
simultaneously, 1t 1s possible to eliminate interference.
(Embodiment 9)

Embodiment 1 has a configuration 1n which the transmis-
sion timing of a desired mobile station 1s changed with
respect to the transmission timing of an interference mobile
station. However, if the desired mobile station or interfer-
ence mobile station moves after transmission has been
started, the transmission timing of the desired mobile station
may coincide with that of the interference mobile station
after the start of transmaission.

Thus, Embodiment 9 has a configuration in which the
mobile station timing offset calculation section calculates a
mobile station timing in such a way that the transmission
timing of the desired mobile station goes behind that of the
interference mobile station.

FIG. 15 1s a drawing showing a positional relationship
between a base station and mobile station. If self station 21,
interference mobile station 23 and desired mobile station 22
are located as shown 1n FIG. 15, suppose the distance
between self station 21 and interference mobile station 23 1s
LU and the distance between self station 21 and desired
mobile station 22 1s LD.

FIG. 16 1s an explanatory timing chart of the present
embodiment. In Embodiment 1, transmission to desired
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mobile station 22 1s started by controlling it at a timing
provided with an offset over the transmission timing of
interference mobile station 23. In this case, the transmission
timings of desired mobile station 22 and interference mobile
station 23 change under the following conditions:

Condition 1: When 1nterference mobile station 23 comes
closer to self station 21, the transmission timing of
interference mobile station 23 goes ahead.

Condition 2: When interference mobile station 23 goes
farther from self station 21, the transmission timing of
interference mobile station 23 goes behind.

Condition 3: When desired mobile station 22 comes
closer to self station 21, the transmission timing of
desired mobile station 22 goes ahead.

Condition 4: When desired mobile station 22 goes farther
from self station 21, the transmission timing of desired
mobile station 22 goes behind.

First, a case where the transmission timing of desired
mobile station 22 1s controlled at the start of transmission to
o0 ahead of the transmission timing of interference mobile
station 23 1s explained. In this case, the transmission timing
of desired mobile station 22 may coincide with the trans-
mission timing of interference mobile station 23 under
Condition 1 or Condition 4. Furthermore, since distance LU
between self station 21 and interference mobile station 23 1s
smaller than distance LD between self station 21 and desired
mobile station 22 under Condition 1 or Condition 4, the ratio
of desired signal power to interference signal power
decreases, which makes it impossible to extract a received
signal from desired mobile station 22 at the start of trans-
mission.

Then, a case where the transmission timing of desired
mobile station 22 1s controlled at the start of transmission to
oo behind the transmission timing of interference mobile
station 23 1s explained. Also 1n this case, the transmission
timing of desired mobile station 22 may coincide with the
transmission timing of interference mobile station 23 under
Condition 2 or Condition 3.

However, 1n the case of Condition 2 or Condition 3, since
distance LU between self station 21 and interference mobile
station 23 1s greater than distance LD between self station 21
and desired mobile station 22, the ratio of desired signal
power to interference signal power increases, which
increases the possibility of extracting a received signal from
desired mobile station 22 even if the transmission timing of
the desired station coincides with that of the interference
station.

Thus, configuring mobile station transmission timing off-
set calculation section 3 so as to calculate the mobile station
fransmission timing in such a way that the transmission
timing of desired mobile station 22 goes behind the trans-
mission timing of interference mobile station 23 increases
the possibility of eliminating interference even after the start
of communication and extracting a received signal from
desired mobile station 22. Therefore, even if the desired
mobile station or interference mobile station has moved, it
1s still possible to increases the possibility of eliminating
interference.

(Embodiment 10)

FIG. 17 1s a timing chart to explain a synchronization
window. A radio communication apparatus (reception
apparatus) comprises a synchronization circuit to synchro-
nize with a received signal. In order to synchronize with the
received signal, the synchronization circuit uses, for
example, detection of a unique word (UW) as a synchroni-
zation timing. The synchronization circuit only synchronizes
with the received signal when 1t has detected a synchroni-
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zation timing in a specific range (hereinafter referred to as
“synchronization window”) of the reception slot.

FIG. 18 1s a timing chart when no synchronization 1s
established with the received signal. When a unique word 1s
detected outside the synchronization window as shown 1in
FIG. 18, the synchronization circuit does not synchronize
with the received signal. If such a reception apparatus
receives a transmission signal from the radio communication
apparatus (transmission apparatus) in Embodiment 2, 3 or 7,
it changes the transmission timing after the transmitter has
started a communication, and therefore the reception timing
of the receiver changes during the communication. Because
of this, the receiver cannot resynchronize unless 1t widens
the synchronization window. Widening the synchronization
window increases the time of synchronization.

Therefore, Embodiment 10 has a configuration 1n which
the recerver detects transmission timing information of the
fransmitter and controls the synchronization window posi-
fion according to the transmission timing. This allows, even
if the transmission timing of the transmitter changes, syn-
chronization to be reestablished by only changing the syn-
chronization window position according to a transmission
fiming offset, eliminating the necessity of widening the
synchronization window, which will accelerate synchroni-
zation.

FIG. 19 1s block diagram showing a radio communication
apparatus of Embodiment 10 of the present invention. This
radio communication apparatus mainly comprises reception
antenna 1, transmission timing information detection section
17, synchronization window position control section 18,
synchronization section 19 and demodulation section 20.

In the radio communication apparatus configured as
shown above, a signal 1s received from reception antenna 1.
Transmission timing information detection section 17
detects fransmission timing information attached to the
received signal. Synchronization window position control
section 18 calculates the synchronization timing from the
fransmission timing and controls synchronization section 19
based on this. Synchronization section 19 changes the syn-
chronization window position according to control by syn-
chronization window control section 18. Demodulation sec-
tion 20 demodulates the received signal according to
synchronization control by the synchronization section and
outputs a reception message.

This configuration allows, even if the transmitter changes
the transmission timing, synchronization with the received
signal to be reestablished by controlling the synchronization
window position based on the transmission timing informa-
fion attached to the transmission signal by the transmitter,
without the necessity of widening the synchronization
window, which will accelerate synchronization even 1f the
fransmission timing has been changed.

(Embodiment 11)

The reception apparatus in Embodiment 10 controls the
synchronization window position of the receiver by detect-
Ing a transmission timing offset 1 a transmission signal.
However, 1n the case of transmission from a transmission
apparatus that does not attach transmission timing informa-
fion to the transmission signal, the receiver cannot control
the synchronization window position.

If a transmission signal 1s received from a transmission
apparatus that predetermines a transmission timing offset
according to the channel type, 1t 1s possible to determine the
synchronization window position based on that information.

Thus, Embodiment 11 adopts a configuration in which a
receiver controls the channel type and transmission timing
information and controls the synchronization window posi-
tion for every channel type.
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FIG. 20 15 a block diagram showing a radio communica-
fion apparatus of Embodiment 11 of the present invention.
This radio communication apparatus mainly comprises tim-
ing information table 24, timing information control section
25, synchronization window position control section 18,
synchronization section 19 and demodulation section 20.

In the radio communication apparatus configured as
shown above, a signal 1s received from reception antenna 1.
Timing information control section 25 controls synchroni-
zation section 19 according to the type of the channel
received with reference to reception channel information
and timing information table 24. Synchronization section 19
changes the synchronization window position according to
control by synchronization window position control section
18. Demodulation section 20 demodulates the received
signal according to synchronization control by synchroni-
zation section 19 and outputs a reception message.

FIG. 21 shows a timing information table. This timing,
information table 24 is a transmission timing table when the
radio communication apparatus (transmission apparatus)
transmits control channels at the same transmission timing
as that of an interference station and only transmits trans-
mission channels with a transmission timing oifset.

While a control channel has a transmission timing offset
value of 0 bits, a communication channel has a transmission
timing offset value of 3 bits. For example, when a control
channel 1s changed to a communication channel, timing
information control section 25 references this table and
changes the synchronization window position to 3 bits.

In this configuration even 1f the transmission timing of the
transmitter changes, the receiver controls the synchroniza-
tion window position with reference to the timing informa-
tion table, capable of accelerating synchronization even if
the transmission timing has been changed.

The above embodiments can be implemented 1n appro-
priate combinations thereof. That 1s, the transmission timing,
detection section and transmission timing control section
can change their detection and control targets from a desired
mobile station, interference mobile station, interference sta-
tion and self station 1n a variety of forms and apply them.

As explained above, prior to a communication between
the self station and desired mobile station, the radio com-
munication apparatus and radio communication method of
the present invention starts communications by controlling
the transmission timing from the mobile station of the self
station so as to provide an offset over the transmission
timing from the mobile station of a peripheral transmission
station. This makes 1t possible to extract a received signal
from the mobile station of the self station even 1f the mobile
station of the self station and mobile station of the peripheral
transmission station use identical unique words.

Industrial Applicability

The present mnvention 1s best suited when a mobile station
of the self station and mobile station of a peripheral trans-
mission station use identical unique words.

What 1s claimed 1s:

1. A radio communication apparatus, comprising:

an 1nterference mobile station transmission timing detec-
tor that detects the transmission timing of an interfer-
ence mobile station communicating with a peripheral
station of a base station;

a desired mobile station transmission timing calculator
that determines the transmission timing of a desired
mobile station communicating with the base station, the
determined transmission timing of the desired mobile
station provided with an offset over the transmission
timing of the interference mobile station; and
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a desired mobile station transmission timing controller
that controls the transmaission timing of the desired
mobile station according to the determined transmis-
sion timing of the desired mobile station.

2. The radio communication apparatus according to claim

1, wherein the desired mobile station transmission timing
controller comprises a transmission timing information
attachment device that attaches transmission timing control
information to be transmitted by the desired station to a
fransmission signal from the base station to the desired
mobile station.

3. The radio communication apparatus according to claim

1, wherein the desired mobile station transmission timing
calculator calculates the mobile station transmission timing
within a range 1n which transmission 1s not carried out
outside a transmission slot assigned to the desired mobile
station.

4. The radio communication apparatus according to claim

1, wherein the interference mobile station transmission
fiming detector comprises:

an 1nterference station control channel transmission tim-
ing detector that detects only the transmission timing of
the control channel of a transmission signal transmitted
from the 1nterference station to the interference mobile
station.
5. The radio communication apparatus according to claim
1, wherein the desired mobile station transmission timing
controller comprises a communication channel transmission
timing controller and a control channel transmission timing
controller, and only changes the transmission timing of
communication channels between the desired mobile station
and 1nterference mobile station and does not change the
transmission timing of control channels between the desired
mobile station and interference mobile station.
6. The radio communication apparatus according to claim,
1, wherein the desired mobile station transmission timing
calculator calculates the mobile station transmission timing
that has an offset value that varies from one station to
another.
7. The radio communication apparatus according to claim
1, wherein the desired mobile station transmission timing
calculator calculates the desired mobile station transmission
fiming 1n such a way that the transmission timing of the
desired mobile station goes behind that of the interference
mobile station.
8. A radio communication apparatus, comprising;:

an 1nterference mobile station transmission timing detec-
tor that detects the transmission timing of a interference
mobile station:

a desired mobile station transmission timing calculator
that determines the transmission timing of the desired
mobile station, the determined transmission timing of
the desired mobile station provided with an offset over
the transmission timing of the terference mobile
station; and

a desired mobile station transmission timing controller
that controls the transmission timing of the desired
mobile station according to the determined transmis-
sion timing of the desired mobile station.

9. A radio communication apparatus, comprising;:

an 1nterference mobile station transmission timing detec-
tor that detects the transmission timing of an interfer-
ence mobile station;

a desired mobile station transmission timing detector that
detects the transmission timing of a desired mobile
station;
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a desired mobile station transmission timing calculator
that determines the transmission timing of the desired
mobile station, the determined transmission timing of
the desired mobile station provided with an offset over
the transmission timing of the interference mobile
station; and

a base station transmission timing controller that controls
the transmission timing of the base station according to
the determined transmission timing of the desired
mobile station.

10. A radio communication apparatus, comprising:

an 1nterference station transmission timing detector that
detects the transmission timing of an interference sta-
tion;

a desired mobile station transmission timing detector that
detects the transmission timing of a desired mobile
station;

a desired mobile station transmission timing calculator
that calculates the transmission timing of the desired
mobile station, the calculated transmission timing of
the desired mobile station provided with an offset over
the transmission timing of the interference station; and

a base station transmission timing controller that controls
the transmission timing of the base station according to
the calculated transmission timing of the desired
mobile station.

11. A radio communication apparatus, comprising;

an 1nterference mobile station transmission timing detec-
tor that detects the transmission timing of an interfer-
ence mobile station;

a base station transmission timing detector that detects the
transmission timing of the base station;

a desired mobile station transmission timing calculator
that determines the transmission timing of a desired
mobile station, the determined transmission timing of
the desired mobile station provided with an offset over
the transmission timing of the interference mobile
station; and

a base station transmission timing controller that controls
the transmission timing of the base station according to
the determined transmission timing of the desired
mobile station.

12. A radio communication method, comprising:

detecting the transmission timing of an interference
mobile station communicating with a peripheral station
of a base station;

determining the transmission timing of a desired mobile
station communicating with the base station, the deter-
mined transmission timing of the desired mobile station
provided with an offset over the transmission timing of
the interference mobile station; and

controlling the transmission timing of the desired mobile
station according to the determined transmission timing
of the desired mobile station.

13. The radio communication method according to claim
12, comprising;:

attaching transmission timing control information to be

transmitted by the desired station to a transmission
signal from the base station to the desired mobile
station.

14. The radio communication method according to claim
12, wherein determining the transmission timing of the
desired mobile station calculates the mobile station trans-
mission timing within a range in which transmission 1s not
carried out outside a transmission slot assigned to the
desired mobile station.
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15. The radio communication method according to claim
12 wherein detecting the interference mobile station trans-
mission t1iming Comprises:

detecting only the transmission timing of the control

channel of a transmission signal transmitted from the
interference station to the mterference mobile station.

16. The radio communication method according to claim
12, which only changes the transmission timing of commu-
nication channels between the desired mobile station and
interference mobile station and does not change the trans-
mission timing of control channels between the desired
mobile station and interference mobile station.

17. The radio communication method according to claim
12, wherein determining the desired mobile station trans-
mission timing calculates the mobile station transmission
fiming that has an offset value that varies from one station
to another.

18. The radio communication method according to claim,
12, wherein determining the desired mobile station trans-
mission timing calculates the desired mobile station trans-
mission timing 1n such a way that the transmission timing of
the desired mobile station goes behind that of the interfer-
ence mobile station.

19. A radio communication method, comprising:

detecting the transmission timing of an interference
mobile station:

detecting the transmission timing of a desired mobile
station;

determining the transmission timing of the desired mobile
station, the determined transmission timing of the
desired mobile station provided with an offset over the
transmission timing of the interference mobile station;
and

controlling the transmission timing of the desired mobile
station according to the determined transmaission timing
of the desired mobile station.
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20. A radio communication method, comprising:

detecting the transmission timing of an interference sta-
tion;

detecting the transmission timing of a desired mobile
station;

determining the transmission timing of the desired mobile
station, the determined transmission timing of the
desired mobile station provided with an offset over the
transmission timing of the interference station; and

controlling the transmission timing of a base station
according to the transmission timing of the desired
mobile station.

21. A radio communication method, comprising:

detecting the transmission timing of an interference sta-
tion;

detecting the transmission timing of a desired mobile
station;

determining the transmission timing of the desired mobile
station, the determined transmission timing of the
desired mobile station provided with an offset over the
transmission timing of the interference station; and

controlling the transmission timing of the base station
according to the transmission timing of the desired
mobile station.

22. A radio communication method, comprising;

detecting the transmission of timing of an interference
mobile station;

detecting the transmission of a base station;

determining the transmission timing of a desired mobile
station, the determined transmission timing of the
desired mobile station provided with an offset over the
transmission timing of the interference mobile station;
and

controlling the transmission timing if the base station
according to the transmission timing of the desired
mobile station.
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DATED . October 8, 2002
INVENTOR(S) : K. Hiramatsu et al.

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

Column 18,

Line 2, after "interference"” insert -- mobile --.

Line 9, after "interference" insert -- mobile --.

Line 11, before "transmission" insert -- determined --.

Line 22, "the" (second occurrence) should be -- a --.

Line 26, delete "of" (first occurrence).

Line 28, after "transmission" 1nsert -- timing --.

Line 34, “if” should be -- of --.

Line 39, following claim was omitted and should be 1ncluded:

-- a radio communication method, which carries out communications with a

desired mobile station and changes a second transmission timing to have an offset over
a first detected transmission timing obtained from at least one detected transmission
timing selected from a group of base station, desired mobile station, interference station
and 1nterference mobile station --.
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